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ABSTRACT  Use  is  made  ®  ®^|’^®„a°f®5igna?gains\n  chemical 
that  there  exist  optimum  ''^1“®=  system  oxygen  pressures. 

dl?emin?ng“op“lm™%s^^^  for  chemical  oxygen-iodine  lasers 

are  given . 
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I .  INTRODUCTION 

iac3p»rs  are  a  type  ef  high  efficiency^ 

Chemical  oxygen- iodine  lase  ^ry  good  development 

short  wave  length  chemioal  [  i®, .  According  to 

prospects  which  have  realized  ^continuous  wave  oxygen- 

Reports,  the  O.S.  "as  alreag  realrzed  They 

iodine  laser  systems  with  ^  reactions  to  produce  high 

first  of  all  near  ras°”““ 

concentration  021G  .  After  that,  ne_M^r  excitation 

energies  cause  iodine  atom  micron  near  infrared  laser 

SStputI!  "?he^pro°cessSs  described  above  can  be  summarized  as  [3] 


Cl,+  HjOj+  2NaOH - ^Oj('Ag )  +  2NaCl  +  2HjO 

n  Oj('Ag)  +  Ij— ^  n  OjC’Eg)  +  21(^2  ),3<n<5 

ir02(’Ig)  +  I('Pv2) 


0,('Ag)  +  I(^P„2 


I(^Pw2)+^'' 


I('P3,j)  +  2Av  .(A=!.315/im) 


(1) 

(2) 

(3) 

(4) 


one  to  the  high  energy  afe^  ptfpie%So 

chemical  oxygen- iodine  ^  oxygen- iodine  laser  systems  to 

have  suggested  amplifSItion  system  amplifiers  [4] 

act  as  iodine  laser  oscillation  ^pi^  adequately  high  energy 
in  order  to  facilitate  the  production  up  to  the  present 

lasers  used  vet^been  seen  on  oxygen- iodine  systems  which 

time/  reports  4-hI  nresent  time,  the  main  problem  with 

can  be  employed.  At  the  P  svstems  lies  in  considering  high 

for  the  use  of  oxygen-iodine  syst^s  ^i  ^ 

pressure  quenching  problems  (generally,  around 

Lly  capable  of  '^anllylts  of  oxygL-iodine 

133Pa).  Moreover,  ^ exper  iinental  results,  it  is 

transmission  energies  as  nres^res  associated  with  iodine 

possible  to  know  that  oP®tatl“g  hundredth  021G 

generally  «/=,\e"il^%hows  t?al  K=P,.), 

pressures  [5].  This  cieaj.a.y  ^v-vaen-  iodine  lasers  is  only 
activation  medium  for  chem  .  -j^g  This  leads  to  chemical 

capable  of  operating  at  low  *  in  1^^  Small  signal 

oxygen-iodine  lasers  being  a^  [6^7].  If  one  is  thinking 

gains  are  only  around  10  ^  — ^^ce  of  oxygen- iodine  lasers, 

about  Increasing  the  operating  p  f  ^  ^ermine  the  high  Pleasure 

E?re^f  hl^r-SeeteMfg  materials  containing  iodine  with 
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nhotolvtic  types  similar  to  CF3I  act  as  iodine  atom  sources  for 
oxygen-  iodil^  lasers.  In  this  way,  it  is  possible 

another  area  pre°s\\«s, 

?o?relpondingly  producing  spray  type  [9]  and  hot  wall  type  [10] 

Recln?!yf°Endo  and  others  have  made  use  ""*"1 

tvne  021G  generators  to  produce  close  to  4522Pa  021G  , 

aS  in  conjunc&on  with  this,  within  as  short  a  t^e  as  possible 
(on'the  order  of  several  tens  of  ms),  mixing  with 

Lccessfully  obtaining  pulse  oxygen- iodine  laser  output  [5] 
CsSciited  with  pure  chemical  pumps.  From  experiments,  it  was 
p^oveithft  high  pressure  chemical  oxygen-  iodine  laser  operations 

are  feasible. 

Below  we  will  make  use  of  a  simple  model  to  discuss  the 

a£^'S:S3aS.£S‘S'i^:i!;| 

optimum  gain  zones  will  be  given. 

2  OPTIMUM  RELATIONSHIPS  ASSOCIATED  WITH  CHMI^  OXYGEN- IODINE 
LsER  GAINS  DEPENDENT  ON  OVERALL  OXYGEN  PRESSURES 

In  continuous  wave  chemical  oxygen-iodine 

It  IS,  tnerexore,  pu&sxijj.  ,  . .  .  there  is  complete 

S0so?iatior°corre°spon^angly,  one  has  the  relationship  below  [11] 


[I('Pl,2)l+tI('Pu2)l=2[IJ 


(5) 


T  TAT  Stands  for  the  molar  concentration  of  constituent  A. 

F?om\his,  it  is  possible  to  obtain  gains  associated  with  chemical 
oxvqen- iodine  lasers  as  [1] 

C.r[IJ  ■  ^ 

«/+!  (6) 


,,  ie  rross  section  receiving  stimulation  emissions 

In  this,  .  ,  j/ip  1  .  f  stands  for  the  relative  amount 

associated  with  Pi/2  ^  _  ^lAnM/ro  •  .a 

of  021G  contained,  that  is,  /-[Oj ( Ag)l/[Oj  Cig)J  , 
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=0.75exp  (402/T).  When  “l/^use^^is^^ade  ^of  ■  to 

?fp?Le"nt  per^e^tlge  To^nte^n\"  oV  ^oIIg  ,  then,  one  has 


f=nl 


(7) 


/fix  M-  Ls  Dossible  to  see  that,  if  one  wants  to 
From  equation  (6),  one  type  of  feasible  means  is 

raise  inc?LsTng  iodine  Molecule  concentrations, 

nothing  else  than  increasing  obtained  from  collisions  of 

Howevel,  due  to  activatj^on  media  ^3  explained 

02 IG  With  iodine  molecules  -K-ocsnite;  clearly  show  that 

before,  kinetic  analysis  ?^®5^fos  between  02 IG  and  iodine 

there  ixist  optimum  composition  ratios  between 

molecules.  The  values  are  approximately  [  ] 


[O,('Ag)]/ri,]«I00 


(8) 


Tf  one  uses  k  to  represent  optimum  composition  ratios  associated 
wfth  02 Ig""  and  i?dine  molecules,  one  then  has 

1 

[Ij]  =  y  [0,CAg)] 

This  clearly  shows  that,  ®  raise ^molar  concentrations 

concentrations,  one  must,  fir  /  3^  pressures-  If  one 

of  021G  .  that  It,  021°  p^ressures,  and,  in 

uses  pa  to  stand  for  “I®  equations  (7)  and  (9)  and 

“Si“t??uS'‘in“to^6T,  w'e  cfn%btain  the  "relationship  equation  for 

o^gen-iodlne^lase^r  gain^a^de^^^^^^ 


G  = 


la+l-lh 

a  —  1  +  1/n 


(10) 


.1.  possible  to  know  that,  when 

From  the  equation  above,  done  on  the  influences  of  021G 

investigations  are  ^®^P®^g^^®ntage  amounts  contained  on  oxygen- 
oartial  pressures  and  percentag  nartial  pressures  and 

!Sine  llser  gains,  iu^easing  02 IG^^  oaSs^  is  capable  of 
percentage  amounts  that,  we  know  that,  if  p  is  used 

irs“nrioJ"orpr"es\"u«,\\-,  pa  can  be  expressed  as 

(11) 

p.=pri 


Taking  (11)  and  substituting  into  equation  (10),  then 

2a+l-lh 


G  = 


kRT 


pn 


a  —  1  +  1/n 


(12) 
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a^al^InSchSnical  o^xygen-iodine  lasers,  if  consideration  ^iven  to 
simplified  states,  generally  speaking,  021G  gas  pnase 
transmission  patterns  can  be  expressed  as  [2] 


!/'?=  I/'7o+“/'T 


(13) 


in  this,  so  stands  for  the  rate  of  021G  generation,  that 

is,  th^  percentage  amounts  of  92IG  produced  by  021G 
aenerators.  r  is  the  residual  period  associated  w-th 
in  the  gas  phase,  a  is  a  constant  which  is  approximately  89Pal  ■ 
s-1  [1]?  From  equation  (12)  and  equation  (13),  it  is  possible  to 
see  that  raising  system  operating  pressures,  on  the  one  hand,  is 
capable  of  increasing  021G  concentrations, 

^  021G  partial  pressures,  thereby  raising  laser  gains.  On 

the  other  hand,  due  to  pressure  increases,  collision  quenching 
associated  with  012G  is  intensified,  causing  percentage 

amounts  of  012G  contained  to  "^'Sie'^rtsultf 

reduction— not  advantageous  to  increasing  laser  gains.  The  results 
from  the  two  combined  effects  lead  to  an  optimum  relationship 

existing  between  laser  gains  and  overall  ’  .hje  ?o 

eauation  (13)  and  substituting  into  equation  (12),  we  are  able  to 
obtSn  the  relationship  of  gains  depending  on  overall  oxygen 
pressures  p  to  be 


G  = 


=  .  P  .  2a+  l-lfri^-apx 

kRT  l  +  Tj^apx  fl-l+ I/>?o+a/7T 


Solving  for  the  partial  derivative  of  gain  G  with  regard  to 


3G 

dp 


g>?o 

kRT 


_ 1 _ 

il  +  ij^apxy{a-l  +  l/f/o+a/JT)* 


[  -(3afJo+  1  )(a/7T)’ 


-2(a-l  +  l/;/o)(a;>r)  +  (2a+l-l/j?o)(a-l  +  l/';o)] 


(15) 


If  use  is  made  of  Popt  to  stand  for  overall  o^gen  pressures  making 
laser  gains  take  maximvim  values,  then,  one  has 


dp 


=  0 


p  =p^ 


(16) 
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As  a  result/  from 


equation  (15),  it  is  possible  to  obtain 


(17) 


Letting  x=opoptT  ,  equation  (17)  can 
equation  relating  to  x 


change  into  the  second  degree 


(18) 


greater  than  zero  sol  'tion 


of  second  order  equation  (18)  is 


x  =  [yf  3a^(2a+  1  )(a  -  1  +  l/fJo) 


-(a-l  +  l/f?o)l/(3fl'/o+l) 


(19) 


this,  there  is  a  requirement 


3flr;»(2a+l)>a-l+l/'Jo 


(20) 


that  IS, 


> — ^ —  =  ( 1  +  1.5exp(402/ 7) ) 


(21) 


2fl+  1 


ow  is  iust  the  lowest  percentage 
The  right  side  of  equation  (2  )  nei^ded  to  give  rise  to  iodine 

S“Isio^s%nbifia"f  o^Tn-=^ 

(«>  hos  a  ™  Jf-  -to  ^sol^ 

Sfaily-I  o%^^arva?uts»-  -  —  P— ^ 

-r-r  xmv  nw  rWFMICAL  OXYGEN- IODINE  LASERS 

is  OPTIh™  gain  zones 

Prom  the  discussions  ^ove,  "S^enl  iodine 

exists  an  optimum  i  qvstem  oxygen  pressures.  That 

iri,h?n  ^VtHTtS  f 

I??2ii;"SBe"ih  iSdf of  -opt  to  stand  for  gains  adopted  at 
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ontimum  values,  as  far  as  oxygen-iodine  mixture  zone  02 IG 
percentage  content  amounts  are  concerned,  from  equation  (13),  it  is 
possible  to  know  that 


(22) 


Due  to  the  fact  that  x  is  a  variable  quantity  dependent  on  p  and  t, 
it  is  solely  determined  by  generator  generation 

-ive  coS  founts  titllf  miKLg 

:2“e““e‘det4n?rLrwhIn  max^mn  laser  gain  values  are  adopted 
When  T  =  300K  ™d  .o  =1.00,  from  equation  (19)-  =°lr%21G 

■opt  dependent  on  -o  when  T  =  30 OK. 


Fig.  1  Dashed  line  represent  the  relation  of  vs.  17,  solid  line  represent  the  relation  of  x  vs.  JJ, 


Due  to  the  fact  that 
solely  by  02 IG  generator 
relationship  form 


X  is  a  quantity  which  is 
generation  efficiencies  "O 


determined 
,  from  the 


(23) 


it  is  possible  to  obtain 


(24) 
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Equation  (24).  clenrly  =>1°- Prfofin 
generation  efficiencies  gnortened,  then,  correspondingly,  it 

ir  ^Vsi^Te^o  Increase  °ve«ll^™ 

oSljler-TodInrIIIlr  operations  under  high  pressures__eKists. 


P^,=  1.65/t 


(25) 


If  one  adopts  t  =  The  °?21G  ^  plr centagTTiount  contained 

it  is  possible  to  know  that  the  021  g  per c  ^ 

within  oxygen- iodine  ^  oper£:ing  pressure  is  333Pa. 

corresponding  optimum  02 IG  P^'^Jiai  op  y 

If  one  takes  r  ^^^,f^°^TThe^e  ?s  a  partial  021G  pressure 

7335Pa.  Correspondlingly,  ther  p^^  experiments  [5], 

which  is  approximately  .  .  ’  „_4Qjqg  were  only  50ms.  Moreover, 

oxygen- iodine  mixture  operating  p  roughly  30ms. 

If S  f/”Jrtuaf|?,  qo|g  through  the  "fls 

IIl3ir^1hirls“’^b\lfaTIy"%t  Vee:5ent  with%he  eKperiaantal 
results  obtained  by  Endo  and  exists  an  optimum  gain 

Since,  in  oxy9®"-“I^"®  i®ril4ratilg  pressure,  as  a  result, 
zone  dependent  ^nation  of  the  locations  of  optimum 

through  experimental  very  significant  for  raising 

oxygen-iodine  mixing  L  will  give  a  possible  type  of 

iSlr  operating  gain  zones.  .  Since 

method  for  precisely  contained  within  optimum  gain  zones 

percentage  021G  \n  eauation  (22),  after  oxygen- iodine 

satisfy  the  relationships  in  ^are  precisely  determined, 

mixing  zone  and  optical  ca  y  q21G  generator  generation 

if  measurements  are  done  .  ,22)  precise  determinations 

efficiencies  so  ,  then,  going  through 

are  made  of  "opt  .  I  oxvaen- iodine  mixing  zones,  that 

alterations  in  system  pres sur^^^,^  ^^contained  within  gain  zones, 
is,  percentage  founts  nothing  else  than  the  location  of 

Sf  ifef  fevf^el-°fhat  "Lf  %fSlum  Vm  --s  =>'®— ^ 

oxygen- iodine  lasers . 
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